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(54) Title: DISPLAY DEVICE 

(57) Abstract 

Control device for an electrolummescent dis- 
play device, comprising an active layer of a semicon- 
ducting polymer of, for example, pixels arranged in 
the fozm of a matrix, reducing flicker and crosstalk. 
Hie control device may be based on voltage control 
at whidi voltages across the pixels are at least 1.6 V, 
but is preferably based on cunent control, at which 
the duration of the data pulses detennines the gtey 
leveL 
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Display device. 



The invention rdates to an dectidumindsoent idevioe coini^^ 
layer of a sonioonducting conjugated polymer, which layer is preset betwera a first and a 
second patton of dectiodes, at least one of the two pattonis being transparent to the light to 
be emitted and a first pattern comprising a material which is suitable for injecting holes in 
5 the active layer. 

The active layer and the two electrode layers may jointly constitute one 
light-emitting diode (LED), but die electroluminescait ^vice prefeiably oompris» a 
plurality of LEDs, for example in the form of a matrix of light-emitting surfiwes as intended 
for adi^lay. 
10 '■ .• 
SoUd-state LEDs may be used as illuminaticm sources and in, for exaniple 
displays and indicator lamps. For the active layer in such structures, traditional^ m-V 
semiconductor conqx>unds aie generally used, such as doped GaAs and GaP. The operation 
IS is based on the recombinations of electron hole pairs which are injected in the seniicdnductor 
material from electrodes located on both sides of the active layer. Due to these 
recombinations, eaergy in the form of (visible) light is rdeased, which is a phmomenon 
refmed to as dectroluminescrace. The waveloigtfa and hoice the colour of the emitted light 
is determined by the bandgap of the semiconductor material. 

20 

the use of sraiiccmducting oiganic polymers such as proposed in an 
article by D. Braun and A.J. Heeger in Applied Physics Letters 58 (18), pp. 1982-1984 (6 
May 1991) increases the number of posable materials for use in these types of devices. 
25 Semiconducting oiganic polymers have a conjugated polymer chain. The bandgsq>, the 
electron affinity and die ionization potential can be adjusted by suitable dioioe of die 
conjugated polymer chain and by the choice of suitable side diaihs. In contrast to dectrteally 
conducting polymers, these conjugated polymers are undoped. An active layer of such a 
. polymer material may be manufactured by means of a CVD process, but is preferably 



manufiiAuied by spiixoating of a solution of a soluble conjugated polymier. With these 
processes, LEDs and displays having a laige light-emitting surface can be manufactured in a 
simple manna. 

. Matrix displays for displaying information, for example for video 
S Implications and nionitoni are divided into a large number of pixds wi^ 

rowis and columns. Problems usually occur, notably when driying tiiis type of matrix diq>lay. 
A first problon which may present itself is known as crosstalk at vMdi a variatioh of the 
voltage at a row or column electrode has the effect of an unintoitional voltage change across 
a (non-selected) pixd. Another problem which occurs particularly in laiga matrixes such as 
10 used for, for example video information or datagiaphic information, is fht problem of 

flicker. Moreoiver, it is desirable, notably in video implications, that diffierent values of light 
intensity (grey levels) can be eniitted by the pixels. 

15 . It is an object.of Ae presoit invration to obviate one or more of the 

above-moitioned drawbacks. To this end, an electrplumineiscait device according to the 
ihventimi u diaracterized in that at areas of overiap of the electrode pet^ 
patterns, togetfier witii the intermediate polymer, form part of pixds, ahd the device 
conqnises a drive drcuit whidi, in operation^ gives the first pattern a zero voltage or a 

20 n^ative voltage with respect to the second pattern at the location of lion-selected pixels, and 
gives the first i»tt^ a positive voltage of at least 1.6 V with respect to tiie second pattern at 
die location of selected pixels. At such a voltage, a small light ou^ut can still be observed. 

The invention is b^sed on the recognition that the rectifying character of 
the LED structure does not provide the possibility of driving such a display device in a 

25 matrix structure by means of drive mettiods which are goieially used for passive display 
devices such as, for exainple die multiplex mode in accordance with Alt & Pleshko ^EEE 
TransactiiDns on Electron Devices, Vol. ED21, 2 February 1974, pp. 146-lSS). The diodes 
associated with the pixels should be switohed off during non-selection by means of a zero 
voltage or a negative voltage of the first pattern with respect to the second pattern of 

3d electrodes. During sdectioii, they should be switched on with a voltage which is sufficiently 
. high to cause the LED to convey suffident curroit, namdy a positive voltage of at least 1.6 
V of die firtt pattern with req)ect to the second p^teni. Thoe is ho crosstab 
crosstalk at such voltagesJ The positive voltage of the first pattera with respect to the second 
pattern is preferably smaller than 20 V so that die drive dectrpnics (ICs) can be realised in a 
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' simple and inoqiensive IC tedinology. 

The selection duration is usually also dependeat on the i^lication and tiie 
polymer material used. In a device aca)iding to the invration, in which the first ^ 
second pattern comprise strq>-shqMd selection and data electrodes, the drive dicuit 
5 piefeiably supplies the sdection electrodes during sdection with sdection pulses having a 
pulse width of at least S microseconds. At such a pulse width, a high picture firequen^ can 
be realised without any problm, at which no flidora' occurs (60 Hz or inore) while at the 
same time a large number of rows (> 1250) can be driven. 

A preferred embodimoit of an dectrolumin^crat device according to the 
10 invention is chanictaized in that at areas of overi^ of the electrode patterns, these electrode 
patterns, tqgedio- with the intermediate polymer, form part of pixds, and the device 
comprises a drive drcuit which, in operation, gives the first patton a zero volt^e or a 
negative voltage with respect to the second pattern at the location of non-selected pixels, and 
the drive circuit supplies a selected pixd with a substantially constant current during each 
15 sdection of one or more pixds, the value of said constant current being detennined by a . 
grey levd to be di^layed. 

It has beoi found diat die separate pixels (LEDs) can be very wdl 
adjusted by means of oinent ctmtrol. Light intmsity variationis (grey levds) can then be 
obtained in that during sdection die drive circuit supplies data dectrodes wiUi ^ta pulses 

20 whose pulse width is determined by a grey levd to be displayed. This may already be 
realised at pulse widths of at least 50 nsec. 

On the other hand, grey levels can be obtained in that the drive circuit 
su]q>lies a selected pixd with a substantially constant currrait during each selection of one or 
more pixds, the value of said current bdng determmed by a grey levd to be displayed. 

25 These and other aspects of die invoition will be affpaxeal from and 

duddated with reference to the embodiments described heremafier 

' • . • • * ' . ' ' ' • ' ' • ' 

In the drawings: 

30 Fig. 1 is a diagrammatic plan view of a part of a di^lay device accordiqg 

. to the invention. 

Fig. 2 is a diagrammatic ax>ss-section takoi on the line n-n in Fig. 1, 
Fig. 3 is an equiValmt drcuit diagram of a diqilay device acoorduig to die 

invoition, while 



.4. 

i^s. 4 to 10 ^ow contiol agnails for such a device, and 
Fig. 11 shows a variant of the device shown in Fig. 2. 
The Figures are diagrammatic and not to scale. Corresponding elements 
axe generally doioted by the same reference numerals, 

: 5 . 

. Fig. 1 is a plan view and Fig. 2 is a cross-secdon of a part of a display 
device 10 having an active layer 11 between two patterns 12, 13 df electrode layers of 
electricaUy conducting materials. In this embodiment, the electrodes 12 constitute colunm or 

10 data dectrodes, while the electrodes 13 constitute row or selection electrodes. In this way, a 
matrix of light-emitting diodes (LEDs) 14 is fcumed with the intermediate active material, 
also referred to in this Application as picture dements 14 or pixels 14 (see Fig. 3). At least 
one of the electrode patterns is transparent to the emitted light in the active layer. Duriog 
operatipn, the column or data electrodes 12 are driym in siidi a way that they have a 

IS su£Bci»itly positive voltage with.re^)ect to the selection dectrodes 13 for the injection of 
holes in the active layer. The material of these dectrodes 12 has a high work function and is 
usually constituted by a layer of indium oxide or indium-tin oxide (TTO). Particularly TTO is 
suitable due . to its good dectric conductivity and high transparency. The selection electrodes 
13 serve as negative dectrodes (with respect to the dectrodes 12) for the injection of 

20 dectrons into the active layer. In tiiis embodimrait, the material of diis layer is aluminium. A 
material having a low work funodon, for ^cample indium, caldum, barium or magneauni is 
preferably chosen. Since larger curmits usually flow through the row dectrodes, th^ have a 
Ipw-ohmic value >yhich is obtained, for example by the material chmce or the choice of the 
.layer thickness. , 

25 The electrodes 12 of ITO are provided by means of vapour dqxisition, 

sputtering or a CVD process. These dectrodes and generally also the dectrodes 13 are 
structured in patterns by means of a conventional photolithographic process or by partial 
scre^g witii a mask during the v^ur deposition process in conformity witii tiie desired 
pattern for tiie device 10. 

30 Suitable conjugated polymers for use in the active or emissive laya 11 are 

polymers based on poly(3-alkyltiuophene) and polyO>-phenylene vinyloie) (PPV). Soluble 
. conjugated jpolymcss are preS&ably used because tii^ can eaaly be processed in, fcxr 
. exaihple a spin coating process. 

Examples of soluble conjugated PPV derivates are p61y(diaIkoxy-p- 
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phoiylene vinyloie) and poly(diallQrl-p-phenylene vinylene). The phoiylaie groups of these 
polymers are often 2.5 substituted widi altoxy or alkyl groups. Rqneseaitatives of the first 
group are, for exanq>le, pdy[2-inethoxy,S-^^ylhexyloxy)-p-phenylenevinylrae] (MEH- 
FPV) whidi emits ydlow-oxaqge light when used in the active layer, and poly[2-methoxy,S- 
S (3 J-dim^yloctyloxy)-p-phenylene vinylene] wUdionits orange ligfttRep^ 

the second group are, for example: poly[2-methyl-Sr(n-dodecyl>-p-phenylene vinylene], 
p6ly[2-meUiyl-5-(3,7-dimethyloctyl)-p-phenylene vinylene], and poly[2-methyl-5-(4,6,6- 
. trimetfiylhq>tyl)-p-phenylaie vinyloie]. Hie latter three polymers emit green light whoi used 
in the active layer. 

10 Dependent on the mettod of prqiaring the conjugated polymier, the 

polymer may comprise up to 15% of unocmjugated units. Such unconjugated units appear to 
enhance the dectroluminescoice dfidoicy defined by the number of photons per injeded 
electron in the active layer. 

The above-mentioned conjugated PPV deiivates are soluble in the usual 
15 organic solvoits such as halogenated hydrocarbons, such as chloroform, and aromatic 
hydrocarbons such as toluene. Acetone and tetrahydroftiiane may also be used as solvoits. 

The d^ree of polymerization of the conjugated polymer is b^een 10 

and 100,000. 

The active layer of the conjugated polymer goierally has a layer thickness 
20 of between 10 and 250 nm, particularly between 100 and 200 nm. 

The LED structure may be provided on a substrate consisting of, for 
example glass, quartz glass, ceramic material or synthetic material. A light-transmissive or 
transparmt substrate is preferably used. If a fiexible dectroluminescent device is desired, a 
transparent fdl of synthetic material is used. Suitable transparent and flexible synthetic 
25. materials are, for example polyimide, polyetiiyloie terephtalate, polycarbonate, polyethene 
. and polyvinyl chloride. 

Fig. 3 is an equivalent circuit diagram of a part of a matrix of such LEDs 
14 with n rows and m columns. This device further comprises a row selection circuit 15 (for 
example, a multiplex circuit) and a data register 16. Externally presrated inform^on 17, for 
30 example a video signal, is processed in a processing unit 18 which, dependent on the 
information to be displayed, charges the sq»rate parts of the data register 16 via supply 
■'. leads 19 in such a way tiiat the bases 23 of trandstors 22 (pap traiisistors in tids 
embodiment) are provided, via the lines 21, with a voltage related to said information. In this 
. embodimoit, the actual column conductors 12 are connected in an electrically conducting 
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' manner to die collectors 24 of the transistors 22, while the emitters 25 of these transistors 
are connected to a fixed voltage via resistors 26, in this embodiment a voltage of +2 V via a 
voUage source 27 whidi is connected to ground. The choioe of the resistors 26, which have a 
substantially identical resistance, and of ttie voltages presented by the register 16 to the bases 
5 23 are diosen in tiiis embodimoit in such a way tiiat a conibination of a transistor 22 and a 
resistor 26 can be considered as a substantially ideal curroit source. However, the rdevant 
current source can only oonv^ current if tiiis curroit can be dq>leted via tiie collector. To 
this end, the voltage at a row electrode 13 should be sufGciently low. The relevant row 
selection voltages are presoited by the row selection circuit IS. Mutual synchronization 

10 between the sdection of the rows and the presoitation of voltages to die lines 21 is effected 
by imeans of the drive unit 18 via drive lines 20. 

the associated drive sighak for sudi a itevice are shown diagramn^ 
in Figs. 4 to 10. Figs. 4 to 6 show die row sdection agnals or line sdection signals whidi, 
. in the above-mentioned exaimples, sdect die lines 1, 2 and n during a period t,. by presenting 

IS a selection voltage V^. During the remainda of said period which is equal to, for example a 

picture period or (as in diis case) a frame poiod tf, a non-rsdectira voltage V . is 

presented. 

During die frame period, such volts^es are presented to die column or 
data electimles 12 diat die pixels P„ and emit light at intensities of 0 and approximately 

20 )4.]«, while die pixels Pjt and P22 emit light at intensities of approximately and die 
pixels P^ and P^ emit light at intensities of approximately % X and U.I,, in which 1^ is die 
maximum luminance. 

Figs. 7 and 8 show die voltages applied to die column electixKles 12 if die 
device is controlled by means of voltages (die currmt sources 22 shown in Fig. 3 are then 

2S [ absient, but die data voltages are presented direcdy from die register 16 to die column 
dectrodes 12). From die instant to, line 1 is sdected for a period ^ by means of a voltage 
V^, while voltages -Vq and -Vi.Vo are presented to the column dectrodes of column 1 and 
column 2; The resultant voltages across the diode structures, viewed from anode to cathode, 
are dieo (-Vd-V and (-V4.VD-V,ei)» respectively. From die instant t„ line 2 is selected 

30 during a period ti. by means of the voltage V«i, while voltages 0 and + Vd are presmted to 
die column dectrodes of cplumn 1 and colunm 2. The resultant voltages across die diode 
. structures are dien -V^ and (Vo-V„J, respectiydy. Similarly, line n is sdected from die 
instant ^1 during a: pniod ^ while voltages >A.Vd and -V&. Vq are presented to the column 
dectrodes of column 1 and column 2. The resultant voltages across the diode structures are 
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' then (+V4.Vd-V^ and (-V^.V^-V.,), respectively. 

In this case, Vk, and V]> axe chosoi to be such (for example, a negative 
value for Vhi) that at a voltap (-Vd-Vmi) across the structure there is substant^ . 
conductance and light is just not emitted, whereas at a voltage (Vi,-V«i) light is emitted at an 
.. S intensity In. If a linear relationship is assumed to exist between the voltage aeirms the T.Rp 
and the emitted intensity, the {dxels emit light at the above-mentioned intensity. Actually, 
diis relationship is non-linear so that c<irrections for the intrasity voltage variation of the 
LEDs (and other propertitt such as the threshold voltage) must be taken into account 

The voltage W,^ is chosen to be sudi that, independent of the voltages at 
10 tiie column electrodes, a n^ative voltage or a zero voltage is always present during non- 
selection across the LED structure, viewed ftom the anode to tiie catiiode, for example by 
chooang a positive value which is larger than the maximum data voltage (V ^ > Wj^. 

However, when die current sources 22, 26 are used, there is a 
substantially linear relationship between the current conveyed and the light intensity. This 
15 provides the possibility of controlling the emitted quantity of light of the LEDs via current 

modulation. The data register 16 then siq>idies the bases 23 of the tnmsistors 22 with su^ 
voltages that die associated current values vary between values correspwiding to emitted li^t 
of die LEDs between values 0 and Iq. 

Prefinably, howev^, the incoming infomution 17 is processed in sudi a 

20 way (for example, by means of digital techniques) that the grey levels associated with this 
information are stored as pulse widths. The associated voltage variation at the bases of the 
transistors associated with the columns 1, 2, n is shown in Figs. 9 and 10. During the period 
Vti* the transistor associated with column 1 is not sdected and the transistor aaenriyitftf with 
column 2 is selected during Vi .ti. by means of a voltage Vq at its base. This voltage is chosen 

25 to be such that, with the choice of the resistors 26, the transistors 22 always convey such a 
current that at this current die intensity of die emitted light has a value of ^ (for example, 0 
V at die base at a voltage of +2 V at die common point of ttie emitter-resistors 26, for 
example via a voltage source 27). The associated light intensity of die pixels P„ and Pu is 0 
and W.Io, respectively. Simultaneously, is chosen to be such again diat, independent of 

30 die voltages at die column electrodes 12, it holds for die non-sdected elements tiiat die 

vdtage between die data and row dectrodes is zero or negative (viewed from die anode to 
the cathode across die LED structiire). 

During die period t,-t2, the tranlsistor associated with column 1 is selected 

during V^.tt,, and the transistor associated widi colunrn 2 is selected during ^ by means of the 
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voltage Vo at its base. The associated light intensity of the pixds P,, and P22 is V&Iq and Iq. 
During the period to.i-tB, the transistor associated with column 1 is sdected during ^ .t^ and 
the transistor assodated with column 2 is sdected during by means of a voltage Vq at its 
. base. The assodated light intensity of tiie pixd^ 
5 Although the value lo of the light intcinsity is adueved at a iHilse width ^ 

of die data pulses in this example, tiiis value can be achieved with pulses vfbiQh axe mt^ 
shorter. The data pulses shown in Figs. 9 and 10 may thus have much shorter piilse widths 
than the actual line period ^. 

As described in the preamble, the voltage across the LEDs Qnxds) may 
. 10 . vary within a wide range if the voltage control described with refinence to Figs. 4 tQ 8 is 
used, provided that the forward voltage across the LED stiiicture is suffidently hi^ 
it to conduct in such a way ( > 1.6 V) that light emisaon occurs; for practical reasons (drive 
voltages to be supplied by ICs) this voltage preferably remains below 20 V, although this is 
. not ^tricfly necessary for qp^ting the device. 
15 ' ' [ : Also the pulse width of the selection pulses (and hence of the data pulses) 

. may be varied over a large range in both examples. For computer monitor {q[iplications, it is 
sufQdent to use a minimum pulse width of 5 microseconds. 

Whm current control is used, data pulses of 50 nsec can be used. It has 
heen found that tiie above-mentioned vpltages are satisfactory at tiiese pulse widAs. At 
20 smaller pulse widths, the required voltages will become rapidly larger, which leads to the 
above-moitioned practical drawbacks but in prindple is not impossible. 

Fig. 11 shows a device according to the invration in which the transparent 
dectrodes 12 are provided as areas of an dectiically conducting polymer.. A transparent 
dectrode layer of a polymer is structured for this purpose, i.e. it has areas with diffierent 
25 dectiical properties. This means tiiat, :dq)aident on the location, the polymer of die dectrode 
layer is present bodt in the conducting and in the non-conducting state. In addition to 
dectrically conducting areas 12, which function as the actual dectrodes for tfie injection of 
holes, the polymer layer comprises areas 8 which are dectrically insulating. Electrically 
insulating is hoein understood to mean a surface resistivity of at least ID' Q/square at the 
. 30 layer thicknesses used. At the layer thicknesses used, the dectrically conducting areas have a 
surface liesistivity of at most IkQ/square and are dierefore suitable as dectrodesJ 

, Suitable polymers fcff iise in the tranq»rmt dectrode layers are 
polyaniline (PANI) and poly-3,4-ethylaie dioxythiophoie (PEDOT). These polymers can be 
■ . given both the dectrically conducting state and the insulating state. . . 
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In summary, the invention relates to a control device for an . 
electroluminescCTt display device having an active layer of a semiconducting polymer, for 
example of pixels arranged in the form of a matrix, which reduces flicker and crosstalk. Hie 
control device may be based oa voltage control at which voltages across die pixels may be 
5 betweai 1.6 and 20 V, but is pr^ieiably based on cunent control at wfaidi Oe duration of die 
sdection pulses determines die grey levd. 

Although die invention has been described with reference to matrix 
displays, the drive methods and devices described may also be used in display devices having 
s^mraited picture dectrodes (alphanum^cal displays) or single T -^^ structures. 
10 Instead of the cunent sources shown, curr»it sources based on pnp 

transistors or on MOS transistors may idtemativdy be used, while the use. of current source 
based on opoational amplifiers is also possible. 
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1. An dectroiuminescent device comprising an active layer of a 
semioohducting conjugated polymer, which layer is piesmt between a first and a second 
pattern of dectiodes, at least one of the two patterns being transparrat to the light to be 
emitted and a first pattern comprising a mat^ial which is suitable for injecting holes in the 

S active hyet, characterized in that at areas of overlap of the electrode patterns, these electrode 
patt^s, together with the intermediate polymer, form part of pixels, and the device 
comprises a drive drcuit which, in operation, gives the first patteim a zero voltage or a 
negative voltage with respect to the second pattern at the location of non-selected pixels, and 
gives the first pattern a positive voltage of at least 1.6 V with respect to the second patt^ at 
10 the location of selected pixels/^ 

2. An electroluminescent device as claimed in Claim 1, characterized in that 
the positive voltage is smaller than 20 V. 

3. . An electroluminescent device as claimed in Oaim 1 or 2, characterized in 
that the first and the second pattem comprise strip-shaped selection and data dectrodes, and 

IS in that, during selection, the drive circuit supplies the sdjsction dectrodes with sdection 
pulses having a pulse width of at least 5 microseconds. 

4. An electroluminescent device as claimed in Claim 3, characterized in that 
the drive circuit supplies a pixel during selection with a current having a substantially fixed 
value, while a grey level is determined by the width of a sdection pulse. 

20 5. An dectroluminescrat device comprising an active Ixyer of a 

sraiiconducting conjugated polymer, which layer is present betwem a first and a second 
pattem of dectrodes, at least one of the two patterns being transparent to the light to be 
emitted and a first pattem comprising a material which is suitable for injecting holes in the 
active layer, charact^ized in that at areas of overlap of the decb^e patt^s, these dectrode 

25 patterns, together witii the intermediate polymer, form part of pixels, and the device 
comprises a drive circuit which, in operation, gives the first pattern a zero voltage or a 
negative voltage with respect to the second pattem at the location of non-sdected puds, and 
the drive circuit supplies a sdected pixd with a substantially constant currrat during each 
sdection of one or more pixds, the value of said constant current bdng detomined by a 
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grey levd to be displayed. 

. 6. An dectroluminescent device as claimed in Oaim S, charaderized in that^ 

during selection, the drive circuit supplies selected pixels with pulses having a pulse width of 
at least 50 nsec. 

5 7. An dectroluminesoent device as daiihed in Claim 5 or 6, diaracterized in 

tiiat the first and the second pattern conqnise strip-shs^ selection and data, ^ectrodes, and 
in tiiat, during selection, tiie drive circuit supplies the selection deotrodes witii selection 
pulses having a pulse width of at least 5 microseconds. 

8. An electroluminescoit device as claimed in any one of Claims 1 to 7, 
10 characterized in tiiat the first pattern forms part of an dectrode layer in which areas of an 

dectncally insulating polymer are arranged in patterns. 

9. An dectroluminescoit device as claimed in Oaim 8, diaracterized in tiiat 
the dectriade layer comprises polyaniline or poly-3,4-ediyldie dioxythiophene. 
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FIG.2 
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FIG.11 



